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C H A P T E R - 1 
I N T R O D U C T I O N 
(.•|lAl.'l'l':il ONK 
INTRODUCTION 
Leguminous c r o p s s u p p l y i n g e d i b l e g r a i n p r o t e i n s a s 
much a s 20-40% a r e c la imed t o be i n d i s p e n s a b l e i n t r o p i c a l 
and s u b t r o p i c a l r e g i o n s of t h e world, i n c l u d i n g I n d i a , i n 
p a r t i c u l a r , where m a j o r i t y of t h e p o p u l a t i o n depends upon 
v e g e t a b l e p r o t e i n s . They a r e a l s o r i c h sou rce of fodder for 
c a t t l e and used a s gireen manuring (Kaul and Sekhon, 1974) . 
More ove r , t h e y f u r n i s h i n e x p e n s i v e n o n - p o l l u t i n g n i t r o g e n 
t o s o i l t h rough symbio t i c N - - f i x a t i o n . Thus, i t i s e s t i m a t e d 
t h a t about 14-53 tonnes of d i n i t r o g e n i s f ixed a n n u a l l y by 
legumes ( Q u i s p e l , 1974) . To t h i s bu lk , t h e fo rage legumes 
c o n t r i b u t e about 125-300 kg N / h a / y e a r and g r a i n legumes about 
50-60 kg N / h a / y e a r (Mishu t in and S h i l n i k o v a , 1971) , Moreover, 
i t has been we l l e s t a b l i s h e d s i n c e t ime immemorial t h a t t h e 
s o i l r e s i d u a l n i t r o g e n l e f t by legumes b e n i f i t s subsequent 
c r o p s . R e c e n t l y , t h e r o l e of legumes has f u r t h e r been 
ex tended i n view of e s c a l a t i n g p o l l u t i o n due t o i n d i s c r i m i n a t e 
use of s y n t h e t i c f e r t i l i z e r s and e x i s t i n g gap between p roduc-
t i o n and demand of n i t r o g e n o u s f e r t i l i z e r i n d e v e l o p i n g 
c o u n t r i e s . I n I n d i a , t h e gap has been doubled w i t h i n l a s t 
few decades , l e a v i n g no a l t e r n a t i v e excep t t o a huge impor t s 
of c o s t l y n i t r o g e n o u s f e t t i l i z e r s . Th i s a s s i d u o u s l y imposses 
an a d d i t i o n a l burden on v u l n e r a b l e economy of t h e c o u n t r y 
(Subba Rao, 1979). 
However, these crops remained neglected even in the 
era of so called "Green Revolution" that laid emphasis only 
on cereals to cope with the fast multiplying population. 
Therefore, nei ther genetic stock nor agronomic practices 
of grain legumes could be improved. The ignorant Indian 
farmers continued to harvest low yields of legumes due to 
t h e i r cul t ivat ion mostly as i n t e r or bonus crops on marginal 
lands or unirr igated areas. Consequently, in spi te of the 
larges t arable area of the world, i . e . 24 million hectares, 
being occupied by the grain legumes in India (Mehta, 1968), 
t he i r cumulative yield i s very low. For example, t o t a l 
production of these crops in the country i s only about 12 
million tonnes, i . e . 500 kg/ha (jeswani arx3 Vanschaik, I968; 
Mann and Singh, 1975) as against 3,494 kg/ha produced in 
France (Anonymous, 1984). 
This has resul ted, in perpetual problem of wide 
spread protein malnutrition in the country. The s i tuat ion 
urgently demands farm sc i en t i s t s to enhance per capita 
productivity of grain legumes, for more arable land cannot 
be allocated to these crops due to rapid urbanization and 
indus t r i a l i sa t ion , leading ult imately to the decline in the 
ava i l ab i l i t y of agr icul tura l land. To achieve the goal, the 
scient is ts have, a few years back, chalked out a well defined 
strategy that includes breeding of high yielding cul t ivars 
of grain legumeg together with working out precise package 
of t h e i r agronomic pract ices , i . e . crop management, i r r iga t ion 
schedule, nu t r i t i ona l requirement e t c . This has resulted 
in the release of some high yielding cul t ivars of these cops 
in recent past . However, t h e i r nu t r i t iona l requirement for 
different agroclimates are yet to be worked out, proving an 
obstacOle in rea l i s ing the i r full genetic potent ia l . 
Preliminary t r i a l s indicate that legumes show an 
excessive preference for phosphatic f e r t i l i z e r s and irequire 
an insignif icant amount of nitrogenous f e r t i l i z e r s as the 
s t a r t e r dose pr ior to commencement of dinitrogen fixation. 
The scant information available in the l i t e r a t u r e also reveals 
that phosphorus promotes nodulation, dinitrogen fixation and 
ef f ic ient par t i t ioning of photosynthates between source and 
sink (Giaquinta and Quebedeaux, 1980). 
At Aligarh, Samiullah and his associates reported 
that the application of phosphatic f e r t i l i z e r augments the 
performance of mungbean and l e n t i l (Akhtar and Samiullah, 
1982; samiullah et a^, 1932, 1984, 1985, 1987; Akhtar, 1985 
and Akhtar et a J.. 1983, 1984, 1986), Encouraged by these 
findings some other important grain legumes have also been 
included in the on-going research programme. The present 
work has been proposed on chickpea (Cicer arietlnum) and 
pigeon-pea (Ca janus cajan) t h a t a r e very Importants source of 
g ra in p ro t e in s and cummulatively cu l t i va t ed on 50% of the 
area being occupied by grain legumes in India (Ramanujam 
1987). The ob jec t ives of the proposed work wi l l be as follows, 
1, To find out the e f f ec t of phosphorus on some selected 
v a r i e t i e s of chickpea and pigeonpea, 
2. To find out the ef fec t of f o l i a r spray of phosphorus 
on some morphophysiological aspec ts of p l a n t s , e s p e c i a l l y 
on carbon exchange r a t e , n i t rogenase a c t i v i t y and a l so 
t o t e s t the f e a s i b i l i t y of f e r t i l i z e r economy on some 
se lec ted v a r i e t i e s of chickpea and pigeonpea. 
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CHAPTER TWO 
REVIEW OF LITERATURE 
2,1 Brief history of plant nut r i t ion 
The concept of mineral nu t r i t ion of plants i s as old 
as human c iv i l i za t ion . I t was none other than Aris tot le who 
recognized the nu t r i t ive function separated the Jiving from 
the dead. The f i r s t work regarding the factors that control 
plant growth were recorded in Roman times, when Cato (23 4 -
149 B.C.), the ea r l i e s t Roman ag r i cu l t u r i s t , emphasized the 
importance of ploughing and urged the need for careful conser-
vation of manures (Bould, 1963). 
The applicat ion of materials such as wood ash, plant 
t i ssue debris, farm yard manure and ground bones have been a 
well known pract ice to increase crop production for centuries. 
However, the seventeenth century i s thought to be the beginning 
of extensive researches on plant nut r i t ion . Glauber in 16 56, 
emphasized the usefulness of sa l tpe te r as a source of f e r t i l i t y 
for the so i l . Later, in 1755, Home found that sa l tpe te r , epsom 
s a l t s and potassium sulphate were needed to increase plant 
growth. 
However, the modern concept of plant nut r i t ion dates 
back in the begining of the I9th century and the credi t of 
which goes to de Saussure, who in 1804 analyzed the plant ash 
and cor re la ted i t s mineral contents with t h a t of s o i l supporting 
the rootsystem. He maintained t h a t mineral elements, including 
n i t rogen supplied by the s o i l , were e s s e n t i a l for growth and 
development of p l a n t s . 
Boussingault (1838), l a id the foundation of modern 
experimental methods in plant n u t r i t i o n and studied the effect 
of f e r t i l i z e r s and s o i l amendments, inc luding the balance of 
elements between crop and s o i l . 
The begining of the 20th century marked the i n t e n s i -
f i ca t i on of research on s o i l so lu t ion and ion exchange i n s o i l s 
Cameron (1911) for the f i r s t time proposed the fundamental 
ideas about s o i l so lu t ion . La te r Burd (1918) gave the concept 
of the "supplying power" of the s o i l . Hissink (19 24) confirmed 
the f indings of Burd in r e l a t i o n t o exchange. La te r , Gregory 
(1937), Lundegardh (1947, 1951), Russel (1961) and Bould (1963) 
wrote exce l lan t reviews and books on mineral n u t r i t i o n and 
leaf ana ly s i s emphasizing, among o the r a s p e c t s , the need for 
fu r the r researches i n t h i s f i e l d . 
2.2 Role of phosphorus in plant n u t r i t i o n j 
Nutr ients a re necessary for maintenance of the 
physical o rgan iza t ion and a c t i v i t i e s of l i v i n g c e l l s by v i r tue 
of t h e i r function in the generat ion of energy bu i ld ing and 
r e p a i r of protoplasm and regu la t ion of metabolic processes 
(Nason and McElrey, 1963). Among t h e s e , phosphorus (and 
n i t rogen) a re s t r u c t u r a l n u t r i e n t s of the p l a n t s . The main 
r o l e of phosphorus i n t h e metabolism of p l an t s i s summarized 
below. 
The p l an t s absorb phosphorus from t h e s o i l as 
monovalent (H PO') o r d iva len t (HPo') anions (Epstein, 1978). 
I t i s a cons t i t uen t of l i p o p r o t e i n s , nuc le ic a c i d s , nucleo-
p ro te ins and severa l co-enzymes e . g . TPP, ATP, NADPH H*" e t c . 
(Devlin, 1981). 
Phosphorus plays important r o l e s in the phys io log i -
c a l prx)cesses of p l a n t s . I t i nc rea se s the growth of p lant 
r o o t s which can feed the p l an t s more e f f i c i e n t l y . In grain 
legumes i t enhances nodulat ion and nodule growth much more 
than root o r shoot growth (cassman et a^ . , 1980). 
Because of the funct ions of phosphorus in the growth 
and metabolism of p l a n t s , def ic iency leads t o a general 
reduct ion of most metabolic processes , including c e l l d iv i s i on 
and expansion, r e s p i r a t i o n and photosynthesis (Terry and 
Ul r ich , 1973), Phosphorus def ic iency i s sometimes confused 
with t h a t of n i t rogen e .g . premature l ea f f a l l and purple or 
red anthocyanln pigmentation. Unlike n i t rogen , phosphorus 
def ic iency shows dead nec ro t i c a r eas on the l eaves , p e t i o l e s 
or f r u i t s ; s tunted growth of p lan t s and dark to blue-green 
coloration of the leaves may also be observed. There i s a 
correlat ion between phosphorus supply and phytohoirmones 
balance in plants . This i s par t icu la r ly true of the 
relat ionship between phosphorus deficiency and a decrease 
in the number of flower (Bould and Par f i t t , 1973) and delay 
in flower i n i t i a t i o n (Rossiter, 1978). 
The available l i t e r a t u r e on the use of phosphatic 
f e r t i l i z e r s for ameliorating the performance of chickpea 
and pegionpea i s reviewed below. 
2.3 Chickpea 
Singh (1971) carried out an experiment to study 
the response of gram (Cicer arietinum L,) to the application 
of nitrogen and phosphate. I t was observed that application 
of 22.5 kg N/ha had l i t t l e stimulatory effect on plant 
growth. The effect on nodulation, N.-fixation and yield were 
greater . I t was observed that application of 22,5, 45.0 and 
67.5 kg P„Oj./ha on an average increased the seed yield by 
3,81, 5.08 and 6.12 q/ha respectively. Besides, the number 
and weight of nodules and weight of root were posi t ively 
correlated with each other. In t h i s study, nitrogen was 
found to increase number of nodules whereas phosphate 
increased the i r weights. However, Luthra et aj_. (1974) did 
not find any significant increase in the yield of Chickpea 
var, S-26 by the app l i c a t i on of phosphorus. 
Sharma et a_l. (1975) conducted a f i e ld experiment 
t o study the e f fec t of n i t rogen and phosphorus, in r e l a t i o n 
t o method of a p p l i c a t i o n , on the yie ld of gram (Cicer 
a r i e t inum) . Appl ica t ion of phosphorus a t the r a t e of 50 kg/ha 
as s o i l basa l t reatment increased grain y ie ld by 30.8 and 12.7% 
over control (no phosphorus) and 25 kg P^oVha r e spec t i ve ly . 
Regarding n i t rogen a p p l i c a t i o n , i t was noted t h a t a t the r a t e 
of 20 kg N/ha gave 31.7 and 16r0% more gra in y ie ld over the 
cont ro l (no ni t rogen) and 10 kg N/ha r e s p e c t i v e l y . Inocula t ion 
of seeds before sowing with spec i f i c gram rhizobia enhanced 
the grain y ie ld by 13,1% over the cont ro l and was e f f e c t i v e 
as 10 kg N/ha in both crop seasons and 20 kgN/ha i n the 
second season. 
sharma e t a^. (1976) conducted f i e ld experiments 
for two years on gram (Cicer ar ie t inum) cv. C-23 5, to study 
the a v a i l a b i l i t y of phosphorus as influenced by phosphorus 
and i r r i g a t i o n regime. They t r i e d four doses of phosphorus, 
i . e . 0, 17.4, 34.8 and 52.2 kg P/ha and t h r e e l e v e l s of 
i r r i g a t i o n v i z . , no i r r i g a t i o n and i r r i g a t i o n a t the r a t e 
of 0,16 and 0.32 between quan t i t y of i r r i g a t i o n water and 
the cumulative open-pan evaporat ion va lue . They observed 
t h a t app l i c a t i on of phosphorus and i r r i g a t i o n increased the 
a v a i l a b i l i t y of phosphorus t o t h i s crop. However the dose 
34,8 kg P/ha was found economical and highly s i gn i f i c an t 
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c o r r e l a t i o n was a l so observed between the a v a i l a b i l i t y of 
phosphorus in the so i l and i t s uptake by the crop a t pod 
formation s t age . One to two i r r i g a t i o n s a f t e r sowing were 
found necessary for ob ta in ing good y i e ld , depending upon 
the r a i n f a l l p a t t e r n . 
jana eib oX- (1977) conducted an experiment with 
four l e v e l s of P~0 on two v a r i e t i e s of gram (B and B ) 
^ b / j 9 8 
grown under i r r i g a t e d and u n i r r i g a t e d condi t ions to study 
the e f f ec t of phosphorus a p p l i c a t i o n . I t was revealed t h a t 
60 kg P„0 /ha and i r r i g a t i o n s i g n i f i c a n t l y increased the 
gra in y ie ld and 1,000 seed weight. However, the optimum 
P_0 l eve l was found 42.6 kg/ha. The performance of v a r i e t y 
BQQ was b e t t e r than B as regards to y ie ld and re levant 
c h a r a c t e r s , water use ef f ic iency increased in v a r i e t y B 
with the app l i c a t i on of phosphate and i r r i g a t i o n . However, 
Singh e t aj^. (1980) noted t h a t a p p l i c a t i o n of phosphorus a t 
the r a t e of 4 .5 , 9 and 13.5 kg P/ha increased seed y ie ld by 
162.9, 224.5 and 269.8 kg/ha over the control (0 kg P/ha) 
r e spec t ive ly . 
A pot experiment was conducted by Ghosh et^  a l , 
(1982) using l abe l l ed phosphorus t o study the r e l a t i v e e f f i -
ciency t o t h r ee chickpea c u l t i v a r s under d i f f e r e n t moisture 
regimes. They noted t h a t t o t a l phosphorus uptake as well 
as phosphorus derived from f e r t i l i z e r increased with the 
inc reas ing moisture content and phosphorus l eve l . However, 
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the highest dry mat ter yield was obtained with 40 kg P 0_/ha. 
Among the three c u l t i v a r s , P 4701 was found best sui ted with 
respect t o phosphorus uptake and dry mat ter production. I t 
was a l s o observed t h a t inc reas ing moisture s t r e s s reduced 
the dry mat ter production, 
A green house study was conducted by Shukla ejt aj.. 
(1982) on the e f f ec t of phosphorus and zinc on nodulat ion 
and N - f i x a t i o n in chickpea (Ci^er ar ie t inum L.) in loamy 
sand (Typic Torripsamments) using f ive l e v e l s of phosphorus 
(0, 25, 50, 100 and 250 ppm) and six l eve l of « inc (0, 5, 
10, 20, 40 and 100 ppm). The number, dry mat ter and 
leghaemoglobin content of nodules and amount of n i t rogen 
fixed genera l ly increased with zinc alone upto 19 ppm and 
phosphorus alone upto 50 ppm and decrease with t h e i r higher 
l e v e l . They recorded maximum nodulation-and N - f i x a t i o n as 
a r e s u l t of a p p l i c a t i o n of 25-50 ppm phosphorus and 5-10 ppm 
Bine. These l e v e l s of phosphorus and zinc were a l s o found to 
counteract tlie adverse ef fec t of 250 ppm phosphorus and 40 
ppm z inc . On the ba s i s of these observat ion i t was reported 
tha t balanced phosphorus and zinc not only e s s e n t i a l for 
p lant growth but a l s o for N - f i x a t i o n as i t might be a t t r i b u t e d 
to inc rease in leghaemoglobin and K and Fe concentra t ion in 
nodules and increased plant growth r e s u l t i n g i n t o enhanced 
a c t i v i t y of N - f i x i n g organisms. 
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Yadav and Shukl-a (198 2) conducted two experiments 
t o study the e f fec t of appl ied P and Zn on t h e i r absorpt ion 
and d i s t r i b u t i o n in chickpea p l an t s grown upto 64 days in a 
loamy sand (Typic Torripsomments). In f i r s t experiment four 
l e v e l s of tagged P (25, 50, 100, 250 ppm a t 0.25 mCi/g 
P-Oc snd in second experiment they included 5 ppm tagged 
Zn at 0.1 mOi/g Zn and f ive l eve l s of P (0, 25, 50, 100 
and ppm) in a l l poss ib le combinations. I t was observed 
t h a t during 64 days of growth 4,9 to 11.4 and 0,64 to 1.50% 
of f e r t i l i z e r P and Zn were u t i l i z e d by four chickpea 
p l an t s r e spec t i ve ly . I t was a l s o noted t h a t absorpt ion 
of phosphorus from f e r t i l i z e r was genera l ly higher thian 
tha t from so i l as well as more with zinc than tha t without 
i t . They found tha t upto 50 ppm phosphorus about 75% of 
absorbed P wa 3 t r ans loca t ed to shoots . However a t higher 
P l e v e l s (100 and 250 ppm) more P was re ta ined in roo t s . 
U t i l i z a t i o n and t r a n s l o c a t i o n of both s o i l and f e r t i l i z e r 
Zn were considerably increased by 25 ppm phosphorus but a t 
higher l e v e l s (250 ppm P) i t was decreased. The r e s u l t s 
of those two f i e ld t r i a l s showed tha t appl ied P and Zn 
affected absorpt ion and d i s t r i b u t i o n of s o i l and f e r t i l i z e r 
P and Zn in roo t s and shoots , depending upon t h e i r l e v e l s . 
An experiment under randomized block design with 
t h r e e r e p l i c a t e s was la id down by Verma (1983). The aim of 
the study was t o find out the s u i t a b i l i t y of two gram 
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c u l t i v a r s (T-3 and JG-74) , and t o o p t i m i z e tfie r a t e of 
seed ing and phospha te f e r t i l i z a t i o n under a g r o c l i m a t i c 
c o n d i t i o n of Varanas i ( I n d i a ) r e g i o n d u r i n g ' r a b i * season . 
Four r a t e s of phosphorus a p p l i c a t i o n v i z . 0, 25, 50 and 
75 kg P Oc/ha and t h r e e seed ing r a t e s v i z , 50 kg , 75 kg 
and 100 kg/ha were t e s t e d . Though two c u l t i v a r s d id not 
d i f f e r i n y i e l d , JG-74 gave b e t t e r y i e l d when sown a t t h e 
seed r a t e of 100 kg/ha where a s 75 kg/ha seed r a t e proved 
optimum for T-3 , Among d i f f e r e n t doses of a p p l i e d P j^O -^, 
50 kg/ha had proved b e t t e r and more economical fo r bo th 
c u l t i v a r s . 
An exper iment was conducted by Prasad and Sanor ia 
(1984) on gram ( C i c e r a r i e t i n u m ) employing combined c u l t u r e 
of Rhizobium (Rh) H^^/H^. and A z o t a b o c t e r (Az) B^ wi th t h r e e 
* 45 44 4 
l e v e l s of phosphorus (50, 100 and 150 kg P-Oc/ha) , They 
observed t h a t a t 50 kg P^O^/ha Rh H ^ - + A Z B ^ gave maximum 
2 5 45 4 
g r a i n y i e l d but s t r a w y i e l d was maximum wi th Rh H +AzB , 
However, n o d u l a t i o n and g r a i n y i e l d were no t s i g n i f i c a n t l y 
a f f e c t e d by t r e a t m e n t s , bu t t h e ga in of n i t r o g e n i n p o s t 
h a r v e s t s o i l and i n c r e a s e of g r a i n c rude p r o t e i n and s t raw 
n i t r o g e n were s i g n i f i c a n t . I t was a l s o observed t h a t g r a i n 
and s t r aw y i e l d showed p o s i t i v e dependence on n o d u l a t i o n . 
Raju e t aj^ (1984) conducted a f i e l d exper iment 
unde r r a i n f e d c o n d i t i o n d u r i n g ' r a b i * seasons (1987-80) t o 
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study the response of chickpea v a r i e t i e s (Type 3, Pant 
Gilo and '<46Q) ^° varying l e v e l s of phosphate (20, 40 
and 60 kg P^O^/ha) in r e l a t i o n t o farmmanure (3 tons/ha) 
and Rhizobial i nocu l a t i on . I t was found t h a t inc reas ing 
ra te of phosphate s i g n i f i c a n t l y increased growth and grain 
y ie ld and a p p l i c a t i o n of 60 kg P-Oc/h^i brought about 22,1% 
inc rea se in grain y ie ld over 20 kg P-Oj./ha. Moreover, the 
most p ro f i t ab l e r a t e of phosphate was 45.4 kg P 0_/ha, 
Among v a r i e t i e s , Type-3 gave s i gn i f i c an t hiigher grain 
y ie ld than o the r v a r i e t i e s . They a l so reported tha t 
n e i t h e r farm yard manure nor inocu la t ion affected gra in 
product ion. 
Rao and Kaiyan Singh (1984) studied the inf luence 
of phosphorus and b i o f e r t i l i z e r on dry mat ter accumulation, 
mineral composition and p ro te in content of chickpea and 
reported t h a t increased phosphatic f e r t i l i z e r l e v e l s 
enhanced dry mat ter product ion, being highest a t 60 kg 
P 0_/ha. They observed tha t crude p ro te in and t o t a l 
carbohydrate content of grain showed an i n c r e a s e upto 20 kg 
P Oc/ha, on the o the r harxS p ro te in t r a n s l o c a t i o n e f f i c i ency 
increased upto 40 kg P„Oc-/ha, Rhizpblum inocu la t ion 
increased dry mat te r accumulation and crude pro te in content 
of grain and straw. They a l s o found t h a t N, P, K, Ca and 
Mg content of g ra in increased with increased l e v e l s of 
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phosphorus t o varying degrees. 
A f ie ld experiment was conducted by Ma ha j an e t a l^.. 
(1985) using ^ P l abe l l ed supephosphate t o study the 
uptake and u t i l i z a t i o n of so i l and f e r t i l i z e r phosphorus 
by gram under d i f f e r en t s o i l f e r t i l i t y and phosphorus 
l e v e l s . They found t h a t gra in , straw and t o t a l dry matter 
yield and t o t a l phosphorus uptake increased s i g n i f i c a n t l y 
with inc reas ing so i l f e r t i l i t y gradient from^^ ^° Y 2 "^*^  
phosphorus l e v e l s from 0 t o 90 kg PjOc/ha, I t was a l so 
noted t h a t percent phosphorus derived from f e r t i l i z e r 
increased s i g n i f i c a n t l y with inc reas ing P l eve l s but i t 
decreased with inc reas ing f e r t i l i t y s t a tu s of s o i l . 
Borgohain and Agarwal (1986) ca r r i ed out an 
experiment on Kabuli gram (Cicer ar ie t inum L.) with th ree 
l eve l s of i r r i g a t i o n (no i r r i g a t i o n , one i r r i g a t i o n a t ID/ 
CPE=0.2 and two i r r i g a t i o n s a t ID/CPE=0.4), t h r ee sources 
of phosphorus (Single superphosphate, t r i p l e superphosphate 
and phospho-compost) and th ree r a t e s of phosphorus (0, 40 
and 80 kg P 0^/ha) in sandy loannso i l during winter seasons 
(1980-1982). They found no s i g n i f i c a n t inf luence of 
d i f f e r e n t gourceg of phosphorus on y ie ld <Tnd yie ld a t t r i b u -
t e s of Kabuli gram. However, the a p p l i c a t i o n of 40 t o 80 
kg P„Oc-/ha caused s i g n i f i c a n t inc rease in yie ld and y ie ld 
components over no phosphorus in both the years . When they 
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s tudied the i n t e r a c t i o n of i r r i g a t i o n and phosphorus l e v e l s , 
i t was revealed t h a t two i r r i g a t i o n s scheduled a t ID/CPE=0,4 
a t 80 kg P Oc-/ha gave 13.3 q/ha higher gra in yield than t h a t 
due t o 0 kg P^O^/ha i n 1981-1982. 
A f ie ld experiment was conducted by Khandkar e t a l . 
(1986) under rainfed condi t ion i n a v e r t i s o l of nor th 
western Madhya Pradesh (India) to study the n i t rogen and 
phosphorus f e r t i l i z a t i o n on Bengal gram (Cicer ar ie t inum L . ) . 
They observed t h a t the response t o phosphorus was greaty 
influenced by winter r a i n . In the absence of winter ra in 
the crop responded t o 30 kg P^Og/ha whereas, with winter 
r a i n the leve l was 60 kg P-Oc/ha, Per ta in ing to the ni t rogen 
and phosphorus i n t e r a c t i o n , they observed t h a t 10 KgN and 
30 kg PjOc/ha without winter ra in but 10 kg N and 60 kg 
P Oc/ha gave t he highest p ro f i t and lowest r i s k . 
Chandra Sekharaiah et_ a_l. (1987) conducted an 
experiment during rabi seasons of 1979-80 and 1980-81, t o 
study the e f fec t of d i f f e r en t i r r i g a t i o n schedules and 
phosphorus l eve l s on the performance of gram (c i ce r ar iet inum L.) 
They noted t h a t flowering and pod s e t t i n g s tages were very 
c r i t i c a l for moisture s t r e s s and providing i r r i g a t i o n in 
these s tages resu l t ed in 9 .8 kg/ha/mm of water use e f f i c iency 
next t o u n i r r i g a t e d crop (10.8 kg/ha/mm) over two years . They 
a l s o found t h a t a p p l i c a t i o n of 50 kg P_Oc/ha proved economical 
both for grain y ie ld and water use -e f f i c i ency . 
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To evaluate the e f fec t of seed inocu la t ion with 
Rhizobium and ni t rogen and phosphorus f e r t i l i z e r l eve l s on 
the y ie ld of gram (Cicer ar ie t inum L,) a study was conducted 
by Shamim and Niamat (1987). I t was observed t h a t var ious 
y i e ld components v i z , number of branches , pods and grain 
weight per plant and 1,000 grain weight were s i g n i f i c a n t l y 
affected by f e r t i l i z e r a p p l i c a t i o n and inocu la t ion . The?' 
found tha t a p p l i c a t i o n of 10 kg N + 73 kg P20r/ha gave 
s i g n i f i c a n t l y higher grain yield than t h a t of 10 kg N + 50 
kg P205/ha. 
Hirata et^  a_l. (1988) conducted a pot experiment in 
Tokyo (japan) on chickpea (Cicer ar ie t inum L.) in order t o 
analyze the cause of low response t o phosphorus app l i ca t ion . 
They studied var ious growth parameters and nu t r i en t uptake 
b ^ the p l an t . Among var ious l eve l s of phosphorus, 200 mg/ 
800 gram dry s o i l ( around 8 ppm) gave s i g n i f i c a n t l y pos i t ive 
response for shoot growth and phosphorus percent i n shoot, 
Tte r e s u l t s from 24 f ie ld t r i a l s with gram cv, G-1 
(Vikas) conducted by Joshi e_t aj^, (1988) under p ro tec t ive 
I r r i g a t i o n on f anne r ' s f i e ld during ' r a b i ' season of 1984-85 
revealed tha t a p p l i c a t i o n of 40 kg P„Oc/ha with 10 and 20 
kg N/ha increased the grain yie ld t o 39 and 64% respec t ive ly , 
Kulhare et_ aj^. (1988) conducted f ie ld experiments 
dur ing the winters ( rabi ) of 1982-83 and 1983-84 on chickpea 
(Cicer ar ie t inum L,) cv. Ujjain 21 t o study the e f f ec t of 
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i r r i g a t i o n (0, 0 .4 , 0.6 and 0.8 IW/CPE r a t i o ) and phosphorus 
l eve l s (0, 13.20, 26.40 and 39.60 kg P/ha) on produc t iv i ty , 
n u t r i e n t uptake, grain and haulm q u a l i t y . They found tha t 
two i r r i g a t i o n s (between 30-50 and 77-90 days) a t 0.8 IW/CPE 
r a t i o n and a p p l i c a t i o n of 13.20 kg P/ha was proved best for 
higher y ie ld of chickpea. 
A f ie ld experiment was conducted by I d r i s et_ a^, 
(1989) t o study the response of Chickpea (Cicer ar iet inum L.) 
CM-88, t o phosphorus f e r t i l i z a t i o n for yield and N - f i x a t i o n . 
They used four l e v e l s of phosphorus (40, 60, 80 and 100 kg 
P-Oe/ha) along with a uniform basa l dose of ni t rogen (N) and 
potash {KyO)y each applied a t 20 and 24 kg/ha r e spec t ive ly . 
They observed t h a t a p p l i c a t i o n of phosphorus improved the 
nodulat ion and a l so increased grain y ie ld , biomass y ie ld , 
biomass phosphorus. However, the ef fec t of phosphorus on 
the n i t rogenase a c t i v i t y of the excised roo t s was found 
i n c o n s i s t e n t . 
2.4 Pigeonpea 
Ahlawat e t ajL. (1981) ca r r ied out f i e ld experiments 
for two years on a sandy loam s o i l under dry land condi t ions 
of northwest India t o study the response of pigeanpea t o 
p lant dens i ty and phosphorus f e r t i l i z e r . They used three 
c u l t i v a r s of pigeonpea (Pusa Aget i , P 4785 and Prabhat ) . 
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on comparing the performance of these c u l t i v a r s , i t was 
noted t h a t c u l t i v a r s Pusa Ageti and P 4785 with b e t t e r 
developed root system and profuse nodulat ion had higher 
gra in and s t a lk y ie ld and higher N and P yield than prabhat . 
I t was a l s o noted t h a t t h e a p p l i c a t i o n of phosphatic f e r t i -
l i z e r increased the root and shoot growth i n t e n s i t y , volume 
of nodulat ion and g ra in , s t a l k , N & P y ie ld . The economic 
optimum r a t e of P ranged between 22,1 and 23.1 kg/ha under 
d i f f e r e n t plant d e n s i t i e s . They a l s o recorded tha t root and 
shoot growth and root nodulat ion af fec ted with increas ing 
p lant d e n s i t i e s in the range 50 x 10"^  and 150 x 10"^/ha, 
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However plant dens i ty of 117 x 10 /ha produced maximum yield 
1.53 tonnes/ha . 
Singh e t a^ l^ . (1981) car r ied out a f ie ld experiment 
with pigeonpea (ca janus ca jan) during ra iny season of 1975 
and 1976 to study the e f fec ts of plant type , plant population 
d e n s i t y and the a p p l i c a t i o n of phosphatic f e r t i l i z e r on 
growth and y ie ld . 
Regarding the f e r t i l i t y t rea tments , app l i ca t i on of 
13 kg P/ha increased growth and grain y ie ld over 0 kg P/ha. 
However^ no a d d i t i o n a l inc rease obtained when 26 kg P/ha was 
app l ied . Considering the tesponse of d i f f e r en t c u l t i v a r s 
t o the a p p l i c a t i o n of phosphatic f e r t i l i z e r i t was found tha t 
c u l t i v a r BS-I beni f i ted most, and gave the highest y ie ld . 
20 
They a l so observed tha t c u l t i v a r s BS-I and UPAs-120 produced 
s i g n i f i c a n t l y more grain with 100 x 10 plants /ha where-as^ 
prabhat produced most when 200 x 10 p lan ts /ha were grown. 
Hegde and Saraf (198 2) reported the r e s u l t s of 
experiments performed during ra iny seasons of 1975 and 76, 
t o study the c^janges in concentra t ion and uptake of NPK and 
p roduc t iv i ty of pigeonpea. I t was observed t h a t in te rc rop ing 
had no s ign i f i c an t e f fec t on concent ra t ion of NPK but tended 
t o decrease N & P concent ra t ion of pigeonpea, al though i t was 
not s ign i f i can t in a l l the s t ages . They noted tha t ptvDsphorus 
f e r t i l i z a t i o n s i g n i f i c a n t l y increased the N & P concentra t ion 
but reduced K concentra t ion of pigeonpea. However, i t increased 
the uptake of a l l the n u t r i e n t s . They recorded a s ign i f i can t 
increase in grain y ie ld of pigeonpea upto 80 kg P O^ -Zha and 
in t e rc rop ing of pigeonpea with d i f f e ren t o the r gra in legumes 
increased phosphorus requirement by 2 t o 20 kg P O-Zha over 
sole pigonpea crop. 
I n v e s t i g a t i o n s were ca r r i ed out by Hegde and saraf 
(1982) t o study the growth rhythm of pigeonpea under pure 
and intercropped s t rands with green gram (Viqna r a d i a t a ) , 
black gram (V. mungo) and cowpea (V. unquicu3,ata) in r e l a t i o n 
to phosphorus f e r t i l i z a t i o n . They noted tha t phosphorus 
f e r t i l i z a t i o n increased leaf area index (LAI), leaf area 
dura t ion (LAD) abso lu t e growth r a t e (AGR) and crop growth 
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r a t e (CGR). I t was recorded t h a t i n t e rc rop ing s i g n i f i c a n t l y 
reduced the dry matter accumulation and d i s t r i b u t i o n , LAI, 
LAD, AGR and CGR of pigeonpea during most of the s tages ,whi le 
net a s s i m i l a t i o n r a t e (NAR) and r e l a t i v e growth r a t e (RGR) 
were found unaffected. They a l s o noticed tha t phosphorus 
f e r t i l i z a t i o n increased the p a r t i t i o n i n g of dry mat ter 
i n t o pods. 
Ahiawat and saraf (1983) conducted experiments 
during ra iny season of 1973-75 to study the pa t t e rn of dry 
mat te r accumulation and nu t r i en t uptake i n pigeonpea in 
r e l a t i o n t o a p p l i c a t i o n of phosphorus and plant dens i ty . 
They used th ree c u l t i v a r s of pigeonpea v i z . Pusa Ageti , 
P 4785 and Prabhat. I t was recorded t h a t t o t a l dry mat ter 
y ie ld /ha and phosphorus recovery from appl ied f e r t i l i z e r 
increased with inc reas ing plant d e n s i t i e s and the plant 
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d e n s i t i e s i n the range of 143 x 10 - 174 x 10 plants /ha 
had produced maximum dry mat ter content and n i t rogen and 
phosphorus uptake. They noticed t h a t the app l i c a t i on of 
phosphat ic f e r t i l i z e r s i g n i f i c a n t l y increased dry mat ter 
y i e ld , nu t r i en t content (N & P) and t h e i r uptake. Applicat ion 
of 31.3 kg P/ha had produced maximum dry matter y ie ld/ha 
where-as, th»e uptake of n i t rogen and phosphorus were maximum 
a t 25.4 and 27.1 kg P/ha, r e spec t ive ly . But the recovery of 
phosphorus from f e r t i l i z e r was recorded higher a t 17 kg P/ha. 
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An experiment was conducted by Mishra et^  a_l^ , (190 4) 
t o study the e f f ec t of phosphocompost on yield and phosptiorus 
uptake of pigeonpea. I t was recorded tha t the phosphocompost 
(containing 8.0% PnOc) ^^^ super ior t o s ingle superphosphate 
i n i t s e f fec t on y ie ld and phosphorus and ni t rogen uptake 
and ni t rogenase a c t i v i t y of the nodules. They observed 
tha t humic acid so lub i l i zed the rock phosphate and was 
considered on of t h e factor respons ib le for b e t t e r a v a i l a -
b i l i t y of phosphate on composting, 
A f ie ld experiment was conducted by Singh et^ a^ ^^ . 
(1986) during Kharif season of 1981 and 1982 t o study the 
response of pigeonpea (Ca janug ca1an(L.) Millsp) and, pigeonpea 
and raungbean to th ree phosphorus l e v e l s (0, 40 and 80 kg 
P_Oc/ha), They recorded s ign i f i can t reduct ion in plant 
he ight , branching, number of pods /p lan t , grain and stock 
yield of pigeonpea due t o in te rc ropp ing mungbean. However, 
the yie ld of mungbean compenseted the loss of the yie ld of 
pigeonpea. Per ta in ing t o t h e doses of phosphatic f e r t i l i z e r 
they noticed tha t the a p p l i c a t i o n of 40 kg P-O^/ha increased 
s i g n i f i c a n t l y the branching, number of pods/plant , t e s t 
weight and grain yield of pigeonpea over con t ro l . Applicat ion 
of 80 kg P O /ha a l so yield higher than 40 kg P O^ha but 
the d i f fe rences were s ign i f i can t during 1981 and in the 
pooled d a t a . 
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Ogata et aj^. (1988) conducted a pot experiment 
under green house condi t ions during the khar i f season t o 
study the e f fec t of phosphorus and pH on dry matter 
production N_-fixation and c r i t i c a l phosphorus concentra t ion 
i n pigeonpea (cajanus cajan (L) M i l l s p . ) . They recorded the 
i n c r e a s e of dry weight i n plant p a r t s with increas ing 
phosphorus f e r t i l i z e r app l i ca t i on r a t e s . I t was observed 
t h a t phosphorus a p p l i c a t i o n increased nodule weight and 
N - f i x a t i o n . At a given phosphorus l e v e l s , the acetylene 
reduct ion a c t i v i t y tended t o be higher a t pH 4 than a t the 
pH 6, They recorded c r i t i c a l phosphorus concent ra t ion on a 
dry weight b a s i s a t 9 2 days in p l a n t s leaves , pods, stems 
and roots were 0 .13 , 0.27, 0.05 and 0.09%, r e s p e c t i v e l y . 
However, the values were almost s imi la r a t pH 4 and pH 6, 
The amount of phosphorus t r ans loca t ed from the leaves t o 
the growing pods and grains w^s higher a t low phosphorus 
l e v e l s than a t high phosphorus levels a f t e r ant he s i s . 
Puste ard jana (1988) c a r r i e d out a f ie ld expe r i -
ment t o study the e f f ec t of d i f f e r en t l eve l s of phosphorus 
(0, 35, 70 and 105 kg P O^/ha) and zinc (0, 10 and 20 kg 
ZnSO./ha) on the growth pa t t e rn of two c u l t i v a r s of pigeonpea 
(HY3c abd 20(105). Appl icat ion of phosphorus and zinc grea t ly 
influenced the leaf area index, dry matter accumulation in 
leaf, stem, pod and crop growth r a t e of both the c u l t i v a r s . 
They recorded t h a t the app l i c a t i on of phosphorus and zinc 
up to 105 kg P^O^/ha and 20 kg ZnSO./ha , r e s p e c t i ve ly i n c r e a s e d 2. o 4 
growth parameters s i g n i f i c a n t l y . However,cultivar HY3C 
expressed i t s s u p e r i o r i t y in respec t t o a l l these charac te r s 
over 20(105). 
A f ie ld experiment was conducted dur ing winter 
seasons of 1980-81 and 1982-83 by Puste and Jana (1988) on 
two v a r i e t i e s of pigeonpea (5(124) and Bahar). The e x p e r i -
ment was l a id out i n f a c t o r i a l randomised block design with 
four l eve l s of phosphorus (0, 35, 70 and 105 kg P^O^/ha) 
and th ree l e v e l s of zinc (0, 10 and 20 kg ZnSOVha). A 
basa l dose of 20 kg N and 30 kg K^O/ha was appl ied through 
urea and muri te of potash r e spec t ive ly . I t was revealed 
t h a t app l i c a t i on of 70 kg P oVha increased y ie ld and yie ld 
a t t r i b u t e s of pigeonpea. Appl ica t ion of 20 kg ZnSO /ha 
produced s i g n i f i c a n t l y more seeds/pod and seed y ie ld . Optimum 
economic dose was recorded 90.3 kg P-O^/ha and 25.55 kg 
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ZnSO./ha. 4 
2,5 Nitrogenase 
Nitrogen i s an e s s e n t i a l n u t r i e n t for proper growth 
and development of p l a n t s . Being a s t r u c t u r a l component of 
wide a r rays of v i t a l biomolecuies such as amino a c i d s , 
nuc leo t ides , porephyrins , and several co-enzymes, ni t rogen 
ev iden t ly plays a cen t r a l ro le in c e l l u l a r metabolism. 
Though i n the gaseous atmosphere 80% din i t rogen (N ) i s 
present , i t cannot be u t i l i z e d as such u n t i l i t i s converted 
i n t o highly oxidized s t a t e s (N0~ or N0~) or more reduced 
s t a t e (NH ) , Nitrogen from the atmosphere can be fixed 
a b i o l o g i c a i l y ( i n d u s t r i a l syn thes i s , u l t r a v i o l e t i r r a d i a -
t i o n , l igh ten ing) as well a s b i o l o g i c a l l y . Biological 
n i t rogen f ixa t ion i s much more important as i t con t r ibu tes 
to more than 70% of the input i n t o wor ld ' s s o i l and water 
n i t rogen . B io log ica l ly only prokaryotes (bac t e r i a , b lue-
green a lgae and actinomycetes) can convert d in i t rogen t o 
ammonia. These organisms a re known as d iazo t rophs , which 
contain n i t rogenase , a Fe-Mo p ro t e in , t ha t c a t a lyze s the 
reduct ion of d in i t rogen i n t o ammonia (NH ) a t the expense 
of metabolic energy under anoxic cond i t ions . The energy 
comes from photosynthesis in the form of ATP. Biological 
n i t rogen f ixa t ion can be affected i n d i r e c t l y or d i r e c t l y 
by mineral n u t r i e n t s , i . e . N, P. Fe, Mo, Go e t c . Phosphorus 
i s a macronutr ient , which a f f e c t s nodulat ion and nodule 
growth much more than root or shoot growth, and thus the 
a v a i l a b i l i t y of phosphorus in f luences b io log ica l n i t rogen 
f ixa t ion . Therefore, i t i s no wonder tha t legumes have 
p a r t i c u l a r l y a high phosphorus requirement for optimum 
growth, nodule formation and N - f i x a t i o n . Though the 
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aforementioned fac t s c l e a r l y i n d i c a t e the e f fec t of 
phosphorus f e r t i l i z a t i o n on b i o l o g i c a l ni t rogen f ixa t ion 
in d i f f e r e n t legumes, but very l i t t l e a t t e n t i o n seems t o 
have been paid to t h i s important aspec t . As meagre 
l i t e r a t u r e i s a v a i l a b l e on these two important legume, 
some other n i t rogen f ixing crops, a r e a l s o being reviewed. 
Gabor et^ a_i_. (1980) conducted experiment in 
s t e r i l e root ing medium to study the ef fec t of phosphorus 
on N - f i x a t i o n and mycorrhizal i n f ec t i on in soybean. They 
used four l e v e l s of phosphorus, (4, 20, 100 and 500 JuMP). 
P lants were inocula ted with R hi z obi urn -jappnicum s t r a i n s 
61A118 and grown in the presence or absence of the endoiny-
c o r r h i z a l fungus Glomus f a sc i cu la tus Gerdemnn and Trappe. 
I t was obseirved t h a t when p lan t s grown a t high phosphorus 
regime, the shoot dry weight increased s ix times than those 
grown i n low phosphorus regimes. At 4 juMP noduiat ion did 
not occur. I t was a l so observed t h a t nodule dry weight 
increased 200 fold from the 200 t o 500 ;JMP t rea tments . They 
observed logar i thmic increase in ace ty lene reduction by 
ni t rogenase with inc reas ing phosphorus l e v e l s . However, 
H_-evolution was not de tec tab le a t 20 JJMP l e v e l . The 
r e l a t i v e e f f i c i ency of N - f i x a t i o n decreased with increas ing 
phosphorus s t r e s s . Considering the in fec t ion with 
G, f a s c i c u l a t u s , i t was observed t h a t , a t a l l phosphorus 
l e v e l s except 500 ;JMP, mycorrhizal p l an t s showed s i g n i f i c a n t l y 
27 
higher r a t e s of N - f i x a t i o n , plant and nodule mas3 and 
phosphorus con ten t . 
A pot experiment was conducted in green house by 
Bouton et^  aJL. (1981) t o study the ef fec t of phosphorus 
app l ica t ion and l iming on ace ty lene reduct ion and y ie ld of 
young a l f a l f a (Medlcaqp sa t iva L. v a r i e t y Team) in highly 
weathered acid Bladen or Bradson top s o i l s . Lime (CaCO^) 
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was thoroughly mixed by hand i n t o s o i l and 1200 g samples 
were t r a n s f e r r e d t o p l a s t i c po t s . They added the following 
f e r t i l i z e r ma te r i a l s a s so l i d s on so lu t ion t o each pots j 
phosphorus as Ca(H PO ) .H 0 a t 3 r a t e s (0, 120 and 480 ug 
-1 -1 
g s o i l ) ; potassium a 3 KCI (0.20 meq 100 g t o t he Bradson 
and 0.50 meq g~ t o the Bladen t o give approximately 0.60 
meq 100 g~ of exchangeable K) ; magnesium as MgSO . 7 HO 
(0.80 meq 100 g~ ) ; boron (1,0 jug g~ ) and a t r ace elements 
so lu t ion of 3.5 ^g Zng" and 0.3 ;jg Mo9~ . Acetylene reduc-
t i o n was assayed as a measure of N - f i x a t i o n . In s i t e they 
measured ace ty lene reduct ion on whole p lo t s twice a t 18 and 
36 days a f t e r p lan t ing on and a t te rminat ion (46 days a f t e r 
p lant ing) on washed r o o t s . I t was observed t h a t phosphorus 
app l i c a t i on and liming increased N - f i x a t i o n as measured by 
ace ty lene reduct ion and yield of a l f a l f a . Phosphorus a p p l i -
ca t ion a l s o increased root and nodule weight. 
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Christopher arid Joann (1983) conducted a pot 
experiment to a s se s s the e f fec t of d i f f e r e n t f e r t i l i z e r s 
ani s o i l shading on noduiat ion and ace ty lene reduct ion of 
Inqa j i n i c u i l (a woody legume) seedl ing. F e r t i l i z e r s were 
applied on week a f t e r t r a n s p l a n t i n g , A f a c t o r i a l design 
was employed with t rea tments a l l oca t ed t o bags in a comple-
t e l y random manner. The t rea tments werej four l e v e l s of 
super phosphate (0, 105, 265 or 525 kg P/ha) , n i t rogen 
(0.96 or 482 kg N/ha), magnesium (0 or 0.39 4 + 67 kg Mg/ha), 
potassium (0, 52 or 260 kg K/ha) and molybdenum (0 or 30 
kg Mo/ha). Seedlings were harvested a t d, 10, 12 and 14 
months a f t e r the f e r t i l i z e r add i t i on . They noted tha t of 
a l l n u t r i e n t s t e s t e d , only phosphorus had i t s g r ea t e r e f fec t 
on nodule number during t h e f i r s t 10 months of growth. 
They observed tha t t he phosphorus app l i ca t i on a f fec t the 
r a t e of N_- f ixa t ion . They found t h a t the seedl ings t h a t 
received 265 kg P/ha not only exhib i ted the highest N^-fixing 
a c t i v i t y over a l l phosphorus t rea tments but a l so t h i s dose 
achieved maximum ra te of f ixa t ion two months e a r l i e r than 
p l an t s which received other phosphorus l e v e l s . They observed 
t h a t ni t rogen f e r t i l i z a t i o n i n h i b i t e d noduiat ion and acetylene 
reduct ion throughout t h e experiment. As potassium, i t did 
not s i g n i f i c a n t l y a f fec t noduiat ion, however, low leve l s of 
potassium st imulated the reduct ion but high l e v e l s inh ib i t ed 
ace ty lene reduction on a c t i v i t y r e l a t i v e t o the un fe r t i l i z ed 
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con t ro l p l a n t s . I t was a l so found tha t n e i t h e r magnesium 
nor molybdenum affec ted nodulat ion or acetylene reduct ion. 
Sankaralingam and Nair (1984) conducted pot expe r i -
ment t o study the e f fec t of va s i c u i a r - a r v a s c u l a r mycorrhiza 
on plant growth, N - f i x a t i o n and phosphorus content in the 
legume Puerarja phaseoloideg. In a phosphorus de f i c i en t 
au toc laved- so i l with pH 5,8 they colonized the legume with 
Giqa gpyra and Rhizpbium in the symbiosis with bac te r ia and/ 
or Gi c|a spora alone or le f t unclonised for con t ro l . 
They observed t h a t the dua l inoculated p l an t s had 
significanti;^greater biomass, r o o t - c a l l a r diameter and 
s i g n i f i c a n t higher phosphorus content (p 0.05) i n various 
p a r t s of p l an t s when comparison was made t o the o the r th ree 
t rea tments a f t e r 70 days growth period. I t was a l so noticed 
t h a t the p lan t s inocula ted with Rhizpbium alone showed poor 
nodulat ion i n i t i a l l y and t h e i r n i t rogenase a c t i v i t y peaked 
by 70 days and decl ined by 130 days due t o nodule senescence. 
However, Gi gas para i nocu la t ion st imulated e a r l y nodulation 
with increased ni t rogenase a c t i v i t y which decl ined by 70 
days as majori ty of nodules senescened. They concluded tha t 
i n phosphorus d e f i c i e n t s o i l va s i cu la r -a rva s l cu i a r mycorrhizal 
i n f ec t i on of t he legumes promotes more uptake of phosphorus 
which in turn s t imula t e s e a r l y nodulat ion and enhanced plant 
growth. 
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Singh and Singh (1986) conducted a pot experiment 
a t Punjab A g r i c u l t u r a l Univers i ty ( India) t o study the effect 
of phosphorus and Glomus fa sc icu la ta inocu la t ion on N -
f ixa t ion , phosphorus uptake and yield of l e n t i l (Lens 
c u l i n a r i s ) . They appl ied t h r e e leve ls of phosphorus (0 , 40 
and 80 mg P/kg s o i l ) . They not iced the response of l e n t i l 
t o G, fa s c i cu i a tu s not only i n the phosphorus de f i c i en t so i l 
but a l s o in so i l amended with 40 mq P/kg s o i l . Though root 
i n f e c t i o n and plant growth parameters were higher a t 80 mg 
P/kg so i l a s compared t o ttiose of the inoculated cont ro l but 
the magnitude was l e s s than t h a t a t 40 mg P/kg s o i l . I t was 
observed tha t phosphorus n u t r i t i o n increased plant growth, 
drymat ter production, y i e ld , N - f i x a t i o n and phosphorus 
uptake upto 40 mg P/kg s o i l . 
Ssa l i and Keya (1986) conducted a f ie ld experiment 
t o study the effect of phosphorus and n i t rogen f e r t i l i z e r 
l e v e l s on nodulat ion, growth and N - f i x a t i o n on bean 
(Phaseolus vu lga r i s ) c u l t i v a r s . 
They t r i e d two l e v e l s of phosphorus (0 and 150 kg 
P/ha) and two l e v e l s of ni t rogen (10 and 100 kg N/ha). I t 
was found tha t a p p l i c a t i o n of phosphorus increased nodulation 
dry matter y i e ld , phosphorus and ni t rogen content of t i s s u e s , 
N^-f ixat ion. seed y ie ld increased a t both ni t rogen l e v e l s . 
On the o the r hand a high dose of n i t rogen sever ly reduced 
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N --fixation ot both phosphotus l e v e l s . At low levn>l of 
n i t rogen where no phosphorus was appl ied , however, one 
cu l tu re (Rose coco) nodulated well e a r l y in the growth 
s tages and fixed s u b s t a n t i a l d in i t rogen . 
Pereira and Bl i ss (1987) conducted two pot expe r i -
ments t o study the e f fec t of d i f f e r e n t l e v e l s of phosphorus 
on N - f i x a t i o n and plant growth of common bean (Phaseolus 
vu lgar i s L. ) . In experiment I . a s p l i t plot design with 
.randomized complete blocks was used with ni t rogen (100 ppn/ 
pot) and inocu la t ion with Rhizpbium lequminpsarum bivor 
Phas io l i as mein p l o t s , and th ree l e v e l s of phosphorus (50, 
300 and 600 mM) a a subplo ts . In t h i s experiment they used 
bean cv. carioca only. 
In experiment I I , the same experimental design 
was used with n i t rogen (150 ppm/pot) and inocu la t ion with 
Rhizpbium j^equminpsarum b ivar phaseol i as main p lo t s and 
combination among three c u l t i v a r s (car ioca , puebda 152 and 
the breeding l ine UW 24-21) and eight phosphprus l e v e l s (50, 
100, 150, 200, 250, 300, 350, 400 mM) as subplpts . 
In both the experiments bean seeds were s t e r i l i z e d 
with a so lu t ion of HgCl and seedl ings were grown in the 
pouches for f ive days with a n u t r i e n t so lu t ion free of 
phosphorus, then 2 seedl ings were t r ansp lan ted i n t o each 
pot which contain 50 g of ac t iva ted alumina mixed with 2400 g 
of autoclaved sand. In the f i r s t experiment they observed 
t h a t phosphorus l e v e l s g r e a t l y influenced shoot dry weight 
and nodule number. They found g r e a t e r proport ion of green, 
i ne f f ec t ive nodules a t low phosphorus concent ra t ion . In the 
second experiment too the re was pos i t ive e f fec t of phosphorus 
l eve l on shoot dry weight nodule number and nodule mass. 
However, nodule and shoot mass was affected more than root mass. 
I t was a l so observed tha t nodule mass but not phosphorus 
concentra t ion in the nodule was affected by phosphorus l eve l , 
whereas in the o the r plant t i s suceg , phosphorus concentra t ions 
were lower a t lower phosphorus l e v e l s in the media. 
Tongmin and Daniel (1988) ca r r i ed out pot experiments 
to study the phosphorus s t r e s s e f f e c t s on energy s t a t u s and 
bacteroid content of soybean (Gycine max L. merr ) . They 
inocula ted soybean p l an t s with B. laponicum USDA MN 110 and 
grown under the phosphorus-suff ic ient (1.0 m MP) and phosphorus 
de f i c i en t (0.05 m MP) cond i t ions . Plants were harvested a t 
4, 5, 6 and 7 weeks a f t e r t r a n s p l a n t a t i o n . 
I t was found tha t phosphorus s t r e s s decreased 
whole plant dry weight by 67% a t 7 weeks and spec i f i c 
n i t rogenase a c t i v i t y by an average 15% during 3 weeks period. 
Total adenyla te , ATP and ADP concent ra t ion were reduced in 
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phosphorus s t ressed nodules by 31-66%, 74-81% and 5-51% 
re spec t ive ly , but the AMP concentra t ion was increased 
10-54% r e l a t i v e t o con t ro l . The; energy charge and ATP/ 
ADP r a t i o on a t o t a l nodule bas i s ranged from 0,67-0.85 
and 1.17-4.16 for con t ro l and from 0.32-0.68 and 0.67-1,14 
for the s t ressed nodules. Phosphorus s t r e s s reduced nodule 
mass by 87% a t 7 weeks but bac tero id dry weight per uni t 
nodule was reduced by only 11% during the experimental 
per iod. They found tha t t o t a l phosphorus and ni t rogen 
concentra t ion in bac te ro ids were reduced by 7% and Q% in 
phosphorus s t r e s s condi t ion . From the study i t was concluded 
t h a t energy s t a t u s of host c e l l s may have been affected by 
phosphorus s t r e s s than energy s t a t u s of bac te ro id . 
Field experiments were conducted by Dhingra et_ a j . 
(1988) from 1980-81 t o 1984-85 to study the phosphorus and 
Rhizobium i n t e r a c t i o n on b io log i ca l N - f i x a t i o n and yield 
of l e n t i l . They t r i e d four l e v e l s of phosphorus (0, 20, 
40 and 60 kg P Oc/ha). I t was found tha t phosphorus a p p l i -
ca t ion from 0 to 60 kg P^O^/ha c o n s i s t e n t l y increased the 
number and dry weight of nodules. Nitrogenase a c t i v i t y of 
i n t a c t root nodules a l s o increased from 17,530 t o 22.390 n 
mol/h per g dry weight of nodules with 20 kg P 0^/ha and to 
27,391 and 29.170 n mol/h per g dry weight of nodules with 
40 and 60 kg P^O^/ha r e s p e c t i v e l y . Rhizobium inocu la t ion 
a l so recorded to increase noduia t ion, ni t rogenase a c t i v i t y 
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and grain y i e l d . The i n t e r a c t i o n e f f ec t between phosphorus 
a p p l i c a t i o n and Rhizobium inocu la t ion was s ign i f i can t i n 
3 out of 5 years and i t was concluded tha t the combination 
of Rhizobium with 20 kg P^Oc,/ha gave yie ld equivalent t o 
40 kg P^O(./ha without Rhizobium inocu la t i on . 
2.6 Fo l ia r a p p l i c a t i o n of f e r t i l i z e r 
For c e n t u r i e s , farmers found i t p ro f i t ab l e t o add 
manure and o the r forms of decaying organic matter t o t h e i r 
f i e l d s t o ensure good harves t . With advent of the chemical 
f e r t i l i z e r s tlie farmers s t a r t e d t o apply them t o the so i l 
t o maintain i t s f e r t i l i t y . But i t was found tha t some of 
added f e r t i l i z e r s were rendered unavai lable t o the crop 
a f t e r i t s a p p l i c a t i o n t o the s o i l due t o various reasons , 
inc luding chemical f i x a t i o n , v o l a t i l i z a t i o n , microbia l 
degradat ion and leaching. Moreover, t he inc reas ing cost 
of t h e s e f e r t i l i z e r s poses a grave problem for the poor 
farmers in developing coun t r i e s . 
C r i t i c a l s tudies have revealed tha t about 70 per 
cent of the s o i l appl ied phosphorus (Russel l , 1950) and 
about 50 per cent of n i t rogen (Anonymous, 1971) a r e rendered 
unava i lab le t o the crops . To overcome these problems, seve-
r a l techniques have been adopted l i k e topdress ing but the 
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f o l i a r a p p l i c a t i o n of n u t r i e n t s i s found t o be a r a the r 
convenient technique and r equ i r e s much l e s s money and labour 
compared with top d r e s s ing , which under many condi t ion i s 
not even poss ib l e . Fo l i a r feeding has been found to have 
several advantages over so i l app l i c a t i on as : 
1, Rapid f ixa t ion of n u t r i e n t s in the s o i l makes them 
unava i lab le t o the crops . The remedy for such hidden 
hunger of crops i s the app l i c a t i on of appropr ia te 
n u t r i e n t s t o the leaves in the form of d i l u t e sprdy 
applied to standing crop. 
2, Slow response of p lan t s t o some soi l appl ied n u t r i e n t s 
may often cause t h e i r def ic iency which may be control led 
by f o l i a r a p p l i c a t i o n of the p a r t i c u l a r n u t r i e n t . 
3, Some crops remove large q u a n t i t i e s of f e r t i l i z e r s during 
ea r ly vege ta t ive growth and need f e r t i l i s e r supplements 
a t l a t e r s tages when so i l a p p l i c a t i o n i s not f ea s ib l e . 
Such rquijrement of n u t r i e n t s i s convenient ly f u l f i l l e d 
by f o l i a r a p p l i c a t i o n . Cereals ( l ike wheat, bar ley and 
t r i t i c a l e ) , o i l seeds, pulses and many o ther crops requi re 
n u t r i e n t s a t grain f i l l i n g stage and the technique of 
f o l i a r a p p l i c a t i o n of n i t rogen and phosphorus has been 
found t o i nc rease the yield and improve the q u a l i t y of 
seed of these crops (De, 1971; Afr id i , 1983; Afridi and 
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Wasiuddin, 1979; Afridi et_ a_l. , 1983; Sherchand and 
Paulsen, 1985; Samiullah e t aj^. , 1986). 
4. In h i l l y region and where t h e s o i l s a re sandy and porous 
or highly a l k a l i n e , a c i d i c or water-logged f o l i a r 
app l i c a t i on i s advantageous over so i l app l i ca t ion 
(Bould, 1963). 
Though the c r e d i t for the f i r s t published report 
on f o l i a r feeding of n u t r i e n t s has been accorded t o Griss 
in 1844 (Wittwer and Teubner, 1959), i t was Forsyth who for 
the f i r s t time noted the s ign i f icance of t h i s technique in 
1803 (Bould, 1963). 
Considerable work on a large scale app l i ca t ion of 
f o l i a r spray of mineral n u t r i e n t s has been done abroad on 
vegetables (Mayberry, 1951; Montelaro e t a_i., 1952; Witter, 
e t a_l. , 1957), firuit t r e e s ( F i s h e r and velker , 1955), sugar-
cane (Burr et aj.. , 1956) and sugarbeet (Thorne and Watson, 
1956), In India a l s o , research on f o l i a r n u t r i t i o n of 
var ious crop has been undertaken by many workers (Anonymous, 
1958; De et^  a_i. / 1968). However, not much a t t e n t i o n seems 
t o have been paid t o pulse crops . This i s highl ighted 
fur ther by t he following review, i nd i ca t i ng the meagre 
ava i l ab l e l i t e r a t u r e on the f o l i a r n u t r i t i o n of t h i s important 
group of p l a n t s . 
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Stiarma e t a^ l_. (1975) ca r r ied out a f ie ld experiment 
to study the ef fect of phosphorus and ni t rogen in r e l a t i o n 
t o t h o i r metho'l of app l i ca t i on on the yield of gram (Cicer 
a r l e t i num) . They noted t h a t f o l i a r spray of 25 kg P-OVha 
gave 13,7?^ higher gra in yie ld than con t ro l . However, 50 kg 
P 0_/ha applied half as so i l basa l tireatment and half as 
f o l i a r spray, enhanced the grain yield by 34.4% over con t ro l , 
Suryawanshi et a_l. (1980) ca r r i ed out f ie ld 
experiment to study the response of g ram t o so i l and f o l i a r 
app l i c a t i on of phosphorus. They s tudied t h r e e doses of 
phosphorus (0, 25 and 50 kg P O /ha) with f o l i a r app l i ca t ion 
of 1 and 2% concent ra t ion each of Pj'^S ^"^ n i t rogen . Soi l 
app l i c a t i on of 25 kg P oVha s i g n i f i c a n t l y increased the 
gra in y ie ld by 2,56 q/ha coparekj with t h a t obtained in 50 kg 
P^O^/ha. However, s o i l a p p l i c a t i o n of 25 kg P^O_/ha along-
2 b / b 
with f o l i a r a p p l i c a t i o n of 1% ^2^S ^"^ "^^  ^ ^^ flower i n i t i a -
t i o n r e su l t ed in an yield i nc rease of 4.62 q/ha. Thus, 
f o l i a r a p p l i c a t i o n of ^-S^c ^nd N improved the yield {jerfor-
mance of the crop. 
A f ield t r i a l based on s p l i t plot design was 
conducted by Akhtar et_ a__l. (1984) dur ing rabi season of 
1982-83 a t the Farm-cum-Botanica1 Garden of Aligarh Muslim 
Univers i ty , Al igarh t o study t h e ef fect of f o l i a r app l i ca t i on 
of 10 kg N and 2 kg P OVha sepa ra te ly and in combination a t 
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fu l l basa l (45 kg N + 70 kg P 0- + 70 kg K 0/ha) and half 
basa l 22.5 kg N + 35 kg P O^ + 35 kg K 0/ha) l eve l on 
yield c h a r a c t e r i s t i c s of l e n t i l (Lens c u l i n a r i s Medic var. 
T-36). The seeds were t r e a t e d with Rhizobium cu l t u r e . 
Aqueous so lu t ions of N and P^Oc at the aforementioned r a t e 
were sprayed sepa ra te ly or in combination a t both fu l l and 
half basal l e v e l s . The con t ro l s a t each l e v e l were sprayed 
with water. One main plot was sprayed a t 80 days (p re -
flowering stage) and the o ther a t 110 days (pod i n i t i a t i n g 
s t a g e ) . Five yield a t t r i b u t e s , namely, pod number/plant, 
pod length , seed number/pod, 1,000 seed weight and seed 
yield were studied a t harves t . The data revealed t h a t the 
crop showed equal response t o spray treatment with fu l l 
basal dose giving no add i t i ona l benef i t of spray on fu l l 
basal and thus proved uneconomical. Half basal dose with 
spray of 10 kg N + 2 kg P-OVha increased pod number/plant 
by 31,6%, pod length by 21.3%, seed number/pod by 15,4% 
and seed yield by 50.6% compared with i t s corresponding 
water-sprayed con t ro l . I t was a l s o noted tha t p lan ts 
sprayed a t 110 DAs showed good response for a l l cha r ac t e r -
i s t i c s . Thus spray of 10 kg N + 2 kg P 0 /ha a t half basal 
l e v e l gave about 40, 26.0, 13,0 and 50% inc reases for pod 
number/plant, pod length , seed number/pod, and seed yield 
r e spec t i ve ly over the cont ro l (sprayed with water a t 110 
d a y s ) . I t was a l so reported t h a t pod number/plant, pod 
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length, seed nuuiber/pod and 1,000 seed weight were pos i t i ve ly 
co r r e l a t ed with seed y ie ld , having c o r r e l a t i o n coef f i c ien t 
(r) = + 0 .951, + 0.931, + 0.915 and + 0.814 re spec t ive ly . 
On the ba s i s of t h i s study i t was concluded tha t spray of 
10 kg N + 2 kg P 0^/ha on p lan t s grown with only half the 
basa l recomniended f e r t i l i z e r dose a t 110 EAS ensured maximum 
yield of l e n t i l r e s u l t i n g in s u b s t a n t i a l f e r t i l i z i e r economy. 
Tayo et_ a_^. (193 4) conducted pot experiment and 
f ie ld t r i a l from February to August in 198 2 to study the 
e f f ec t of f e r t i l i z e r on the performance of three c u l t i v a r s 
of pigeonpea c i t a 1, c i t a 2 and c i t a 4. The f e r t i l i z e r wore 
e i t h e r appl ied as complete NPK (15-15-15) to the so i l a t a 
r a t e of 50 kg/ha in s ingle or s p l i t doses within four weeks 
of sowing or as so lu t ion containing 100 mg/L each of N, P 
& K sprayed on t o t he p lan t s four weeks a f t e r sowing or a t 
a n t h e s i s . They recorded the growth of pigeonpea only 
enhanced s i g n i f i c a n t l y by f e r t i l i z e r i n the f ie ld experiment 
but the y ie lds and t h e i r component were changed by f e r t i l i z e r 
in both. However the magnitudes of the e f f ec t s on growth 
and yield were s imi l a r with both methods of a p p l i c a t i o n . 
Samiullah et^ ai_, (1986) ca r r ied out a f ie ld expe r i -
ment on mungbean (Viqna rad ia ta L . Wilczek) cv, T-36 during 
summer season in a simple randomized block design t o study 
the e f fec t of f o l i a r a p p l i c a t i o n of phosphorus. A sub-optimal 
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dose of 45 kg P„p/lia a s a s ingle superphosphate aionqwith 
a basal app l i c a t i on of 10 kg N/ha as urea and 40 kg K 0/ha 
as muriate of potash was applied a t t he t ime of sowing. 
Fol ia r a p p l i c a t i o n of 2, 4 or 8 kg P^O-/ha in the form of 
aqueous so lu t ion of sodium dihydrogen orthophosphate was 
done a t flower i n i t i a t i o n stage (35 DAS). Spray of deionised 
water a t the sub-optimal dose of 45 kg P 0_/ha provided the 
con t ro l . An optimal basal dose of 60 "kg P 0(-/ha was a l so 
included in the t reatment t o evaluate t h e economics of the 
technique. All the parameters , except 1,000 seed weight, 
were s i g n i f i c a n t l y affected by the f o l i a r feeding. Fol iar 
app l i ca t i on of 2 kg P-O -^Zha a t basal dose of 45 kg P-O^/ha 
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proved optimum which gave t he seed y ie ld of 13,2 q/ha while 
the spray of deinoised water a t 60 kg P 0_/ha had 11,6 q/ha 
y i e l d . Thus, the re was a net gain of 1,6 q/ha in seed yield 
accompanied by the saving of 13 kg P_oVha by the spraying 
of only 2 kg P O / h a . The increase in seed y ie ld due to 
f o l i a r a p p l i c a t i o n could be assigned t o the cumulative 
amel iora t ing effect of yield parameters and t h i s was supported 
by the c o r r e l a t i o n s tud ies as the s i g n i f i c a n t pos i t i ve values 
of c o r r e l a t i o n coef f i c i en t (r) were 0.59, 0.82, 0 .85, 0.59 
for pod number, pod length , seed number and 1,000 seed weight 
r e s p e c t i v e l y , aga ins t seed y i e l d . 
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PROPOSED STUDY 
I t i s p r o p o s e d t o c o n d u c t f o u r f i e l d e x p e r i m e n t s , 
two e a c h on c h i c k p e a ( C i c e r a r i e t i n u m ) and p i g e o n p e a (Ca j a n u s 
ca j a n ) . T h r e e v a r i e t i e s e a c h o f c h i c k p e a , i . e . C 23 5 , Pusa 
4 2 7 , Pusa 408 and o f p i g e o n p e a , i . e . T - 2 1 , Pan t 3A, BSl , 
w i l l be s t u d i e d t o f i n d o u t t h e e f f e c t o f p h o s p h o r u s on t h e i r 
m o r p h o p h y s i o l o g y w i t h s p e c i a l r e f e r e n c e t o b i o l o g i c a l N -
f i x a t i o n and c a r b o n d i o x i d e e x c h a n g e r a t e . The f i e l d t r i a l s 
on p i g e o n p e a w i l l be p e r f o r m e d d u r i n g k h a r i f ( r a i n y ) s e a s o n 
w h i l e t h o s e on c h i c k p e a , d u r i n g r a b i ( w i n t e r ) s e a s o n a t t h e 
A g r i c u l t u r a l Fa nn o f A l i g a r h Muslim U n i v e r s i t y , A i i g a r h . 
3.1 Preparat ion of s o i l : 
Before sowing, the f ie ld wi l l be throughly ploughed 
t o ensure maximum so i l a e r a t i o n and e l imin i a t i on of weeds. 
In add i t ion to tha t , inorganic f e r t i l i z e r according to the 
plan for t t e experitnents, a uniform basal d r e s s ing of well 
ro t t ed farm yard manure wi l l a l s o be applied t o the f i e ld . 
3.2 Soi l c h a r a c t e r i s t i c s ; 
Soil sample wi l l be co l l ec ted p r io r to sowing 
from var ious p l o t s a t a depth of about 10-15 cm. The 
co l lec ted samples wi l l be mixed t o form a composite so i l 
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sample and t h i s wi l l be analysed for var ious physicochemica1 
p r o p e r t i e s . 
3.3 Seeds t r ea tment : 
The au then t i c seeds wi l l be obtained from d iv i s ion 
of Genetics/ Indian A g r i c u l t u r a l Research I n s t i t u t e , New 
Delhi . Seeds of uniform s i ze wi l l be separated and t h e i r 
v i a b i l i t y wi l l be t e s t ed and surface s t e r i l i z a t i o n of the 
seeds w i l l a l s o be done with e thy l a lcohol . The seeds wi l l 
be inoculated with the spec i f i c b a c t e r i a l c u l t u r e . 
•^ • ** Experiments on chickpea ; 
Two experiments wi l l be conducted on chickpea 
(Cicer ar iet inum) during rab i seasons of 1990-91 and 1991-
1992. 
3 ,4 ,1 Experiment 1 ; 
This experiment wi l l be ca r r i ed out during ' rabi* 
season of 1990-91 and the design of the experiment wi l l be 
f a c t o r i a l randomised block. The aim of the experiment wi l l 
be t o findout the ef fect of pJoosphorus f e r t i l i z e r on three 
v a r i e t i e s of chickpea i . e , C 23 5, Pusa 417, Pusa 408. The 
phosphorus wi l l be applied a t tlie r a t e of 0, 20, 30, 40 and 
43 
50 kg P/ha a l o n g w i t h a uniform b a s a l doses of n i t r o g e n and 
po tass ium a t t h e r a t e of 10 kg N and 40 kg K/ha, The sources 
of phosphorus , n i t r o g e n and po tass ium w i l l be s i n g l e supe r -
p h o s p h a t e , urea and mur i a t e of p o t a s h r e s p e c t i v e l y . Each 
t r e a t m e n t w i l l be r e p l i c a t e d t h r i c e . The d i s t a n c e between 
p l a n t s and between the rows w i l l be 10 cm and 25 cm 
r e s p e c t i v e l y . The schemes of t r e a t m e n t s a r e given i n t a b l e 1. 
Table 1, Summary of t r e a t m e n t s a p p l i e d i n t h e f i e l d exper iment 1 
T rea tmen t s v a r i e t i e s „„ ^ , 
Remarks (kg P/ha) 'C-235 Pusa 417 Pusa 408 
^0 
P^« + + 
20 
P + + 
30 
^40 
P + + 
50 
+ 
+ 
+ 
+ 
+ 
No phosphorus 
( c o n t r o l ) 
20 kg P/ha 
30 kg P/ha 
40 kg P/ha 
50 kg P/ha 
3 . 4 , 2 . Experiment 2 
Th i s expe r imen t w i l l be conducted d u r i n g t h e ' r a b i ' 
season of 1991-9 2 on t h e v a r i e t y , based on i t s performance, 
observed i n t h e p r e v i o u s e x p e r i m e n t . On t h e b a s i s of the 
p r e v i o u s e x p e r i m e n t , the optimum dose of the phosphorus l e v e l 
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wil l a l s o be noted and the experiment wi l l be conducted 
taking fu l l (optimum) and half (sub-optimum) basal dose 
of f e r t i l i z e r supplemented with f o l i a r spray of phosphorus 
a t the r a t e of 2,4 and 6 kg P/ha j u s t before flower i n i t i a -
t i o n (about 70 days a f t e r sowing). The aim of t h e experiment 
wi l l be to find t he e f fec t of f o l i a r spray of phosphorus on 
some morphophysiological a spec t s of p l an t , e s p e c i a l l y on 
carbon exchange r a t e and n i t rogenase a c t i v i t y and a l so t o 
t e s t the f e a s i b i l i t y of f e r t i l i z e r economy (phosphorus). 
Phosphorus wi l l be given a s aqueous so lu t ion of monocalcium 
superphosphate.Control wi l l be sprayed with deionised water. 
The scheme (Table-2) shows t h a t the experiment wi l l be based 
on s p l i t - p l o t design and wi l l cons i s t of eight t rea tments 
with t h r e e r e p l i c a t i o n . Thus in a l l t he r e wi l l be twenty 
four p l o t s . A uniform basa l dose of 10 kg N and 40 kg K/ha 
wi l l given before sowing to a l l p l o t s . 
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Table 2. Summary of t r e a t m e n t s w i l l be a p p l i e d i n f i e l d 
exper iment 2, 
S.No. S p l i t p l o t ( s p r a y 
t r e a t m e n t ) 
Main p l o t 
( s o i l d r e s s i n g ) 
Half ( s u b -
optimum) dose 
of f e r t i l i z e r 
Fu l l (optimum) 
dose of 
f e r t i l i z e r 
Remarks 
2 kg P 
4 kg P 
6 kg P 
1/2P*-S W 
l /2Pf2kg P 
l/2P»-4 kg P 
l / 2Pf6 kg P 
Pf2kg P 
Pf4 kg P 
P4-6 kg P 
Sprayed with 
wa te r 
Sprayed with 
2 kg P/ha 
Sprayed wi th 
4 kg P/ha 
Sprayed wi th 
6 kg P/ha 
3• 5 Experiments on pigeonpea 
Two e x p e r i m e n t s w i l l be conducted d u r i n g ' k h a r i f 
r e a s o n s of 1991 and 1991. 
3 . 5 , 1 Experiment - 3 
This expe r imen t w i l l be performed d u r i n g t h e 
' k h a r i f , season of 1991. The exper iment w i l l be l a i d o u t 
a c c o r d i n g t o f a c t o r i a l randomised b lock d e s i g n . The aim of 
t h e exper iment w i l l be t o find ou t t h e optimum phosphorus 
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requirement of th ree pigeonpea v a r i e t i e s v iz . T-21, Pant 
3A, and Bs-1. The phosphorus w i l l be applied a t the r a t e 
of 0, 20, 30, 40 and 50 kg l?/ha. In add i t i on , uniform 
basa l dose of 10 kg N and 50 kg P/ha wi l l be applied to a l l 
p lo t s a t the time of sowing. The sources of phosphorus, 
n i t rogen and potassium wil l be s ingle superphosphate, urea 
and muriate of potash r e spec t ive ly , E:ach t reatment wil l be 
r ep l i ca t ed t h r i c e . The d i s tance between the p lants and 
between the rows wi l l be kept 25 cm and 60 cm r e spec t i ve ly 
and the size of the plot wi l l be 25 sq. m. The treatment 
combinations a re given in t a b l e 3, 
Table 3, summary of t rea tments appl ied in f i e ld experiment 3 
Treatments Va r i e t i e s Remarks (P) kg P/ha T -21 P an t 3A, BS-1 
"o 
^20 
''so 
-•• 
+ 
+ 
+ 
+ 
No 
20 
30 
40 
50 
phosphorus 
(control) 
kg P/ha 
kg P/ha 
kg P/ha 
kg P/ha 
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3.5.2 Experiment - 4 
This experiment wi l l be conducted during the ' k h a r l f 
season of 1992 on the highest y ie ld ing v a r i e t y , recorded in the 
previous experiment. On the ba s i s of the previous experiment, 
the optimum dose of the f e r t i l i z e r wi l l a l s o be noted and the 
experiment w i l l be conducted taking ful l (optimum) and half 
(sub-optimum) dose of f e r t i l i z e r supplemented with f o l i a r 
spray of phosphorus a t the r a t e of 10, 15 and 20 kg P/ha j u s t 
before flower i n i t i a t i o n (about 90 days a f t e r sowing). The aim 
of the experiment wi l l be t o find out the ef fec t of f o l i a r spray 
of phosphorus on morphysiological a spec t s of p l a n t s , e s p e c i a l l y 
on carbon exchange ra te and b i o l o g i c a l N^-fixat ion and a l s o t o 
t e s t the f e r t i l i z e r economy. The f o l i a r spray of phosphorus 
wi l l be given as ac^ueous so lu t ion of monocalcium superphosphate. 
Control wil l be sprayed with deionised water. The scheme 
(Table-4) shows t h a t t he experiment wi l l be based on s p l i t - p l o t 
design and wi l l cons i s t of eight t reatment inc luding two main 
p lo t s and four sub p l o t s with three r e p l i c a t i o n . Thus in a l l 
t h e r e wi l l be twenty four p l o t s . A uniform basa l dose of 10 kg 
N and 50 kg K/ha wi l l be given before sowing t o a l l p l o t s . 
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Table 4. Summary of t rea tments wi l l be applied i n the f ie ld 
experiment 4. 
S.No. 
1 . 
2 . 
3 . 
4 . 
3 . 6 
s p l i t p lot 
(Spray t r e a t -
ment) 
w 
10 kg P 
15 kg P 
20 kg P 
Main plot 
(Soil dressi i 
Sub-optimumdose 
of f e r t i l i z e r 
l/2Pi-S^ 
l/2P+10kgP/ha 
l/2+15kgP/ha 
1/2 P*-20kg P/ha 
sampling techn iques : 
ng) 
Optimumdose 
of f e r t i l i z e r 
^^W 
P+lOkgP/ha 
Pvl5kgP/ha 
Pi-20kgP/ha 
Remarks 
Sprayed with 
water 
Sprayed with 
lOkgP/ha 
Sprayed with 
15kgP/ha 
Sprayed with 
20kgP/ha 
To study the growth and development random samples of 
t h ree p lan ts w i l l be co l l ec t ed from each plot a t d i f f e r en t 
growth s t ages . Yield c h a r a c t e r i s t i c s w i l l be studied a t harvest, 
Plant samples wi l l be washed completely. 
3.7 parameters wi l l be studied t 
To study the e f fec t of phosphorus on chickpea and 
pigeonpea the following parameters w i l l be s tudied. 
49 
^• Growth c h a r a c t e r i s t i c s : 
I) Height per p l an t , 
I I ) Leaf number per p l an t . 
I I I ) Leaf area per p l an t , 
iv ) Fresh weight of whole p lan t , 
v) Dry weight of whole p lan t . 
v i ) Fresh weight of shoot per p lan t . 
v i i ) Dry weight of shoot per p lan t . 
v i i i ) Fresh weight of root per p lan t , 
ix) Dry weight of root per p l an t . 
x) Nodules number per p l an t , 
xi) Fresh weight of nodules per p lan t , 
x i i ) Dry weight of nodules per p lan t , 
I I . Physiological c h a r a c t e r i s t i c s : 
i ) Assay of Nitrogenase a c t i v i t y (acetylene reduct ion 
technique ) 
i i ) carbon d ioxide exchange r a t e , 
i l l ) Stomatal r e s i s t a n c e . 
iv) Transp i ra t ion r a t e . 
I I I . Biochemical c h a r a c t e r i s t i c s ; 
1) Leghaemoglobln content of nodules. 
i i ) Nirate reduc tase a c t i v i t y of leaves (^jMN02/g/ha) 
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i i i ) Sugar content of nodules. 
iv) N content of leaves {'/»). 
v) P content of leaves C%). 
v i ) K content of leaves (•/•;. 
v i i ) Prote in content of seeds (%). 
IV. Yield c h a r a c t e r i s t i c s : 
i ) Mature pod number per per p l a n t . 
i i ) Immature pod number per p l an t . 
i l l ) 100, seed weight (g ) . 
i v ) Seec] yield (q /ha) . 
v) Biological y ie ld (q /ha ) . 
v i ) Harvest index. 
The d e t a i l of some of the phys io log ica l and bioche-
mical parameters a re given below. 
3 .7 .1 Physio logica l c h a r a c t e r i s t i c s ; 
3 ,7 .1 .1 Assay of ni t rogenase a c t i v i t y (acetylene reduction 
technique) 
Nitrogenase i s a v e r s a t i l e enzyme tha t ca ta lyzes 
the reduct ion of N t o NH C2H to C-H^ and var ious o ther 
s u b s t r a t e s ( e . g . NO, N H-CN, R-CCHetc). Nitrogenase a c t i v i t y 
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of i n t a c t nodules on excised root system wi l l be assayed 
following the methods of Hardy e t a i . (1968). Excised 
roo t s wi l l be taken in convenient ly sized con ta ine rs e .g . 
g lass b o t t l e s , with a rubber septum as the s topper t o allow 
i t t o be pierced by a disposable syringe. Some gas wi l l be 
withdrawn from the sample conta iner by syringe and replaced 
with the same amount of ace ty lene . After a su i t ab le time 
(30 min - 1 h r . ; gas samples (0,5-1 ml) wi l l be taXen with 
a disposable syringe and wil l be in j ec ted t o gas chromatograph 
(Ser ies 5700 Gas Chromatograph). Ethylene standard wi l l be 
used t o c a l c u l a t e the a c t u a l concent ra t ion of e thylene 
produced by the nodules. 
c a l c u l a t i o n s : 
a . Peak height (cm) of CjH i n the i n j e c t i o n - Volume=«a*cm 
b . Peak height for 1 ml i n j e c t i o n volume (standard)='b»cm 
c. n mole C H corresponding t o the 'b'cm peak height 
from standard graph = 'c* n moles. 
d. Volume of v i a l = 'd• ml. 
e . Subst ra te volume of nodulated roots ( 'e* ml) from 'd • 
t o get the volume of gas phase in a v i a l = (d-e) = 
' f ml. 
f. n moles (C2H./vial = fxc for 30 min incubat ion (say) 
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Hxpress ro t e s os* 
^ mole c^H/g dry wt. of nodules/h = ^ ^ ^ - ^ - — 
or p mole C^ H / g fresh wt. of nodules/h 
f X c X 2 
fw of nodules 
or , ;j mole C H / p i a n t / ^ = f x c 
3 . 7 , 1 . 2 . carbon dioxide exchange r a t e t 
carbondioxide exchange r a t e (CER) w i l l be measured 
with the help of LI-6200 which cons i s t s of a CO2 analyzer , a 
system console and a sensor housing with in terchangeable leaf 
chambers. 
3 .7 .1 .3 StodKital r e s i s t a n c e and t r a n s p i r a t i o n r a t e : 
Stomatal r e s i s t ance and t r a n s p i r a t i o n r a t e wi l l be 
measured by using LI-6 200 Portable Photosynthet ic system a t 
d i f f e r en t i n t e r v a l s . 
3 . 7 .2 . Biochemical parameters 
3 . 7 . 2 . 1 . Leghaemoglobin content of nodulest 
Leghaemoglobin content of nodules w i l l be determined 
following the method of Wilson and Reisonauer ( I963) , 0.5 g 
fresh nodules wi l l be crused and ground in 10 ml round bottom 
centr ifuged tube i n 3 ml of Drobkin 's so lu t ion . The homoyenous 
mixture w i l l be centr i fuged for 15 minutes a t 500 x g and the 
supernatant wi l l be t rans fe red t o a 10 ml volumetric f lask. The 
pe l l e t ed nodule t i s s u e wi l l be extracted twice more with 
Drabkin 's so lu t ion and supernatant obtained wi l l be combined. 
The combined e x t r a c t wi l l be made 10 ml with Drabkin 's so lu t ion 
and centrifuged a t 20000 x g for 30 minutes. The absorbance of 
the c l ea r supernatant wi l l be read a t 540 nm using Drabkin 's 
so lu t ion as reference so lu t ion . The amount of leghaemoglobin 
content wi l l be ca lcu la ted from a c a l i b r a t i o n carve prepared 
with known concentra t ion of cyannethemoglabin and the r e s u l t 
w i l l be expressed as mg g" day weight, 
Rea gent 
Drabkin 's so lu t ion ; 
52 mg of potassium cyanide, 198 mg of potassium 
fer r icyanide and 1,0 g of sodium bicarbonate wi l l be dissolved 
per l i t r e of double d i s t i l l e d water. 
3 .7 ,2 ,2 Sugar content of nodules t 
Total sugar content w i l l be estimated by Dubios e_t a l . 
(1956) method. 0,5 g fresh nodules wi l l be homogenised in 80%. 
e thanol and volume wi l l be made upto 10 ml with 80% ethanol . 
The homogenate w i l l be centr ifuged a t 2000 x g for 20 minutes. 
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A s u i t a b l e amount of supernatant (0 .2 -0 .5 ml) wi l l be taken 
i n t e s t tube to t h i s 1 ml 5% phenol and 5 ml concentrated 
H So w i l l be mixed throughly and w i l l be kept for 20 minutes 
for the development of colourand a f t e r t h a t i t wi l l be measured 
a t 490 nm. Total sugar content w i l l be ca lcu la ted from the 
c a l i b r a t i o n curve prepared with glucose. sugar content wi l l 
be expressed as mg sugar (Glucose equ iva len t ) g" dry wt of 
nodule s. 
3 . 7 , 2 . 3 . Estimation of NRA a c t i v i t y ; 
miA w i l l be est imated in fresh leaf p ieces . Random 
samples of leaves from each plot wi l l be taken and cut i n t o 
small pieces (8-10 nm l eng th ) . The enzyme a c t i v i t y w i l l be 
determined according t o t he method of jaworski (1971) d e s c r i -
bed below: 500 mg l ea f p ieces w i l l be weighed and placed in 
polythene v i a l s . To each 2,5 ml of phosphate buffer pH 7.0 
and 0.5 ml of 0.2M potassium n i t r a t e so lu t ion wi l l be added 
followed by add i t ion of 2.5 ml of 5% isopropanol . Las t ly two 
drops of chloromphenicol so lu t ion will beadded t o avoid b a c t e r i a l 
growth in the medium. These v i a l s wi l l be incubated for 
2 h i n dark a t 30'C. 
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Colour development; 
0.4 ml of incubated mixture wi l l be taken in ci 
t e s t tube t o which 0.3 ml of 1% sulphanilamide and 0.02% 
N-1-nepthyl ethylene diamine hydrochloride (NED-HCI) wi l l be 
added. The so lu t ion wi l l be l e f t for 20 min for maximum 
colour development. The mixture wi l l be d i l u t e d again to 
5 ml with su f f i c i en t amount of d i s t i l l e d water and o p t i c a l 
d e n s i t y wi l l be read a t 540 nm using a '•Spectronic-20" 
co lor imeter . A blank cons i s t ing of 4,4 ml of d i s t i l l e d water 
p lus 0.3 ml each of sulphanilamide and NBD-HCl wi l l be used 
simultaneously for comparison. 
A standard curve wi l l be ploted by taking known 
graded d i l u t i o n of potassium n i t r i t e from a standard aqueous 
so lu t ion of t h i s s a l t . The o p t i c a l dens i ty of the sample 
w i l l be compared with t h i s c a l i b r a t ed curve and NRA wil l be 
expressed as n mol No^/g/h fresh l ea f t i s s u e . 
Reagents for n i t r a t e r educ ta te a c t i v i t y : 
a. Phosphate buffer (pH 7.5) 
13.6 g of potassium dihydrogen orthophosphate wi l l 
be d i sso lved in 1000 ml of d i s t i l l e d water ( a ) . 17.42 g of 
dipotassium monohydrogen orthophosphate w i l l be dissolved in 
1000 ml of d i s t i l l e d water (b) 160 ml of so lu t ion , 'a* and 
840 ml of fioluLion ' b ' wi l l be mixed for the prepara t ion of 
the buffer . 
b . Potassium n i t r a t e so lu t ion (0.2m) 
2.02 g of potassium n i t r a t e wi l l be d isso lved 
in 100 ml aqueous so lu t ion . 
^' Isopropanol (5%) 
5 ml of isopropanol wiUbsmixed with 95 ml of 
d i s t i l l e d water. 
d. Chloramphenicol so lu t ion (0.5 mq/ml) 
50 mg of chloromphenica1 wi l l d isso lved in 100 ml 
of d i s t i l l e d water. 
e . Sulphgnilamide (1%) 
1 g of sulphanilamide powder wi l l be dissolved i n 
100 ml of 3 N-hydrochloric ac id . 
f. NED-HCl so lu t ion (0.02?i) 
20 mg of NED-HCl (N-1-(naphthyl) ethylene diamine 
d ihydroch lor ic ac id) wi l l be d i sso lved in 100 ml of d i s t i l l e d 
water. 
3 .7 .2 .4 LIstlmdtlon of leaf NPK; 
Three p lan t s from each plot wi l l be randomly col lec ted, 
cleaned and dr ied in oven a t 70''C for 24 h. Dried leaves wi l l 
be powdered and passed through a 72 mesh screen. Nitrogen, 
phosphorus and potassium wi l l be estimatec? -as faFi^ ibed below: 
Digest ion of leaf powder; 
Leaf powder wi l l be digested acc<^^tailWi^^^"Lindner 
(1944) for the es t imat ion of NFK content of leaf . 100 mg of 
d ry leaf powder wi l l be taken in a 50 ml k je ldha l f l a sk. To 
t h i s , 2 ml of cone, sulphuric acid wi l l be added and the 
mixture wi l l be heated for 2 h which wi l l turn the conten ts 
black. After cooling for 15 min. 0.5 ml of chemically pure 
30% H o^ wi l l be added drop by drop and t h i s procedure wi l l 
be repeated t i l l a c l e a r so lu t ion ob ta in . Tte peroxide 
d iges ted ma te r i a l w i l l be t r ans fe red t o a 100 ml volumetric 
f lask with t h r e e or four washing with d i s t i l l e d water and 
the volume wi l l be made upto the mark. 
3 . 7 . 2 . 4 , 1 Est imat ion of n i t rogen ; 
Nitrogen wi l l b e ^ t i m a t e d following the method of 
Lindner (1944). A 10 ml a l i quo t of the peroxide diges ted 
ma te r i a l wi l l be taken in a 50 ml volumetric f lask and to 
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which 2 ml of 2,5 N sodium hydroxide and 1 ml of 1(K sodium 
s i l i c a t e so lu t ion wi l l be added t o n u t r a l i s e excess of acid 
and t o prevent t u r b i d i t y r e spec t ive ly . The volume of the 
so lu t ion wi l l be made upto the mark with the help of d i s t i l l e d 
water. In a 10 ml graduated t e s t tube , 5 ml a l iquo t of t h i s 
so lu t ion wi l l be taken and 0.5 ml N e s s i e r ' s reagent wil l be 
added. The f ina l volume wi l l be made 10 ml with the d i s t i l l e d 
water. After wait ing for 5 min. to develop the colour , t he 
optimal dens i t y of so lu t ion wi l l be determined a t 525 nm on 
"Spectronic-20" co lor imeter . A blank cons i s t ing of d i s t i l l e d 
water and N e s s l e r ' s reagent wi l l be run simultaneously. A 
standard curve, tak ing known d i l u t i o n of a standard ammonium 
sulphate so lu t ion wi l l be p lo ted . The reading of each sample 
wi l l be compared with t h i s c a l i b r a t i o n curve and ni t rogen in 
leaves wi l l be expressed in terms of percentage on dry weight 
ba s i s . 
3 , 7 , 2 . 4 , 2 Est imation of phosphorus; 
Phosphorus content in the sulphuric acid peroxide 
d iges t wi l l be est imated by the method of Fiske and Subba Row 
(1925). 5 ml a l i quo t w i l l be taken in a 10 ml graduated t e s t 
tube and 1 ml of niolybdic acid (2,5% ammonium molybdate in 
10 N sulphur ic ac id) wi l l be added ca re fu l ly followed by the 
add i t ion of 0.4 ml of l -amino-2-naphthol-4-sulphonic ac id . 
The colour wil l turn blue. D i s t i l l e d water wi l l be added to 
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make up the volume to 10 ml. Tte o p t i c a l dens i ty of the 
so lu t ion wi l l be read a t 620 nm on a ••spectronic-20" c o l o r i -
meter a f t e r 5 minutes. A blQnk wi l l be run simultaneously 
with each determinat ion. A standard curve will be prei^ared 
with known concent ra t ion of monobasic potassium phosphate 
so lu t ion . The reading of samples wi l l be compared with t h i s 
curve and phosphorus content wi l l be computed interms of 
percentage on dry weight b a s i s . 
3 . 7 ,2 ,4 .3 Est imation of potassium; 
Potassium content wi l l be est imated flame photometri-
c a l l y . A 10 ml a l i quo t v;ill be taken t o read by using the 
f i l t e r for potassium. A blank wi l l be run side by s ide . The 
readings wi l l be compared with a c a l i b r a t i o n curve p lo t t ed 
with the help of known d i l u t i o n of a standard potassium 
sulphate so lu t ion . The potassium in leaves wi l l be expressed 
as per cent on a dry weight b a s i s . 
Reagents for NPK de te rmina t ion ; 
a, Nes s l e r ' s r eagen t ; 
3.5 g of potassium iodide wi l l be d issolved in 100 ml 
of d i s t i l l e d water in which 4% mercuric ch lo r ide so lu t ion wi l l 
be added with s t i r r i n g u n t i l l a s l i g h t red p r e c i p i t a t e remain. 
<)0 
Thereaf ter , 120 ml of sodium hydroxide with 250 ml of d i s t i l l e d 
water wi l l be mixed. The volume w i l l be made upto 1000 ml with 
d i s t i l l e d water. The mixture w i l l be kept in amber coloured 
b o t t l e . 
b . Holybdic acid reagent (2.5%)t 
6,25 g of ammonium molybdate wi l l be d issolved in 
175 ml d i s t i l l e d water t o which 75 ml of 10 N-gulphuric acid 
wi l l be added. 
c . Aminonaphthai sulphonic a c i d : 
0,5 g of l -amino-2-naphthal-4-sulphonic acid wi l l 
be d isso lved in 195 ml of 15% sodium b i s u l p h i t e so lu t ion t o 
which 5 ml of 20% sodium su lph i t e so lu t ion wi l l be added. 
The so lu t ion wiU be kept in amber coloured b o t t l e . 
3 ,7 .2 .5 Estimation of seed p ro t e in ; 
The p ro te in content of seeds wi l l be ext rac ted 
according t o Yih and Clark (1965) and wi l l be est imated 
by the method of Lowry e_t aj . . (1951). su f f i c i en t amount of 
seed powder wi l l be dr ied overnight in an oven a t 80**C. The 
d r i ed sample w i l l be cooled and then 50 mg of each sample 
wi l l be taken in a mortar . To i t , 1 ml of cold 5% t r i c h l o r o -
a c e t i c acid w i l l be added. The powder w i l l be ground well and 
6 1 
the homogenate wi l l be taken in a cent r i fuge tube with 
repeated washings with t r i c h l o r o a c e t i c acid t o matke the 
f ina l volume 5 ml. I t wi l l be kept for 1 h t o allow tlie 
complete p r e c i p i t a t i o n of p ro t e in s . The samples wi l l then 
be centr i fuged a t 4,000 rpm for 15 minutes and the superna-
t a n t wi l l be disarded. To the res idue , 5 ml of IN sodium 
hydroxide so lu t ion w i l l be added with constant s t i r r i n g for 
proper mixing. I t wi l l be kept for half an hour on a water 
bath a t 60"C so as t o d isso lve the p r e c i p i t a t e d p ro te in 
completely. After cooling for 15 min. The mixture w i l l be 
centr ifuged a t 4000 rpm for 15 minutes.The supernatant 
conta ining p ro te in wi l l be co l l e c t ed . I t wi l l be then 
d i l u t ed with appropr ia te q u a n t i t y of water and used for 
e s t ima t ion of t o t a l p ro te in in the seed. 
Colour development; 
1 ml of the d i lu t ed a l i q u e t w i l l be taken, in a 
t e s t tube t o i t , 5 ml of reagent B wi l l be added and l e f t 
for 10 min. Afterward, 0,5 ml of F o l i n ' s reagent wi l l be 
added with constant s t i r r i n g and w i l l be kept for half an 
hour for optimum colour development. The o p t i c a l dens i ty 
of each sample wi l l be measured a t 660 nm on a "Spectronic-20" 
co lor imeter . A blank containing d i s t i l l e d water, reagent B 
and F o l i n ' s reagent w i l l he used simultaneiously with each 
sample. The reading wi l l be compared with a c a l i b r a t i o n 
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curve obtained by using known d i l u t i o n of standard eggalbuman 
so lu t ion . 
Reagents for p ro te in e s t ima t ion : 
a. Reagent A 
0.5% copper sulphate so lu t ion and 1% sodium sulphate 
so lu t ion wi l l be mixed i n equal volume. 
b . Reagent B (Carbonate-copper sulphate solut ion) 
50 ml of 2/4 sodium carbonate so lu t ion wi l l be mixed 
with 1 ml of reagent 'A ' . 
^ ' F o l i n ' s reagent ; 
100 g of sodium tungs ta t e and 25 g of sodium 
molybdate w i l l be d isso lved in 700 ml of d i s t i l l e d water 
to which 50 ml of 85% phosphoric acid and 100 ml of concen-
t r a t e d hydrochlor ic acid wi l l be added. The so lu t ion wi l l 
be re f lec ted on a heat ing mantle for 10 h. At the end, 
150 g of l i thium su lpha te , 50 ml of d i s t i l l e d water and 3-4 
drops of l iqu id bromine wi l l be added. The re f l ex condenser 
wi l l be removed and the so lu t ion wi l l be boi led for 15 min. 
t o remove excess bromine and a f t e r cool ing i t wi l l be d i lu ted 
upto lOOO ml. The s t rength of t lUs a c i d i c so lu t ion wi l l be 
OJ 
adjusted t o 1 N by t r i t r<J t ing i t with 1 N-sodium hydroxide 
so lu t ion . 
3.8 S t a t i s t i c a l a n a l y s i s : 
^11 the experimental data w i l l be analysed s t a t i s t i -
c a l l y by adopting the var ious techniques accoixaing t o the 
design of p a r t i c u l a r experiment, CD, wi l l be ca lcu la ted out 
i f the •?• value wi l l be s i g n i f i c a n t upto 5 per cent of 
p r o b a b i l i t y l eve l . Corre la t ion between var ious parameters 
w i l l be derived out according t o the experiment. 
R rJ 
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